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(54) Semiconductor built-in millimeter-wave band module 



(57) A semiconductor built-in millimeter-wave band 
module includes: an insulating substrate (105) made of 
a mixture containing an inorganic filler and a thermoset- 
ting resin; a high thermal conductivity substrate (103) 
made of a dielectric material having thermal conductivity 
higherthan the insulating substrate (105) and laminated 
on one surface of the insulating substrate (105); a plu- 
rality of wiring patterns (119) formed on the high thermal 
conductivity substrate and the insulating substrate; a 
semiconductor device (101) operating at millimeter- 
wave band, which is arranged inside of the insulating 
substrate (105), is packaged on the high thermal con- 



ductivity substrate (103) in a face-up manner, and is 
connected electrically with the wiring patterns (119); and 
a distributed constant circuit element (121) and an ac- 
tive element (124) provided on the semiconductor de- 
vice (101). In this module, a void (1 07) is provided inside 
of the insulating substrate (105) and in the vicinity of a 
surface of the distributed constant circuit element (121) 
and the active element (124). With this configuration, 
heat from the semiconductor device operating at a mil- 
limeter-wave band can be dissipated effectively and the 
semiconductor and other circuit components can be 
packaged with high density. 
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Description 

[0001 J The present invention relates to a semiconduc- 
tor buiit-in millimeter-wave band module, and more par- 
ticularly relates to a semiconductor built-in module in 
which a semiconductor device operating at a microme- 
ter-wave band or a millimeter-wave band (hereinafter 
referred to as "semiconductor device operating at a mil- 
limeter-wave band") is arranged inside of an electrical 
insulating substrate. 

[0002] In recent years, with a demand for miniaturized 
electronic equipment having higher performance, circuit 
components with ever higher density and higher func- 
tionality have been demanded. To this end, a circuit 
board commensurate with the circuit components with 
higher density and higher functionality has been re- 
quested. Especially, as a method for packaging circuit 
components including a semiconductor device densely, 
a circuit component built-in module capable of including 
a semiconductor device therein is proposed by using an 
electrical insulating substrate (hereinafter also referred 
to as "insulating substrate") made of a mixture contain- 
ing an inorganic filler and a thermosetting resin (JP 11 
(1999)-220262 A and JP-3051700 B). 
[0003] Meanwhile, a package that allows heat gener- 
ated from a semiconductor device operating at a millim- 
eter-wave band to dissipate to the outside by effectively 
transmitting the heat, in general, has a configuration in 
which a semiconductor device is mounted in a concave 
portion of a concavity ceramic package inside of which 
a plurality of wiring layers are provided and a cavity is 
provided using a sheet-type lid. In another configuration 
a semiconductor device is mounted on a flat multilay- 
ered substrate and a cavity is provided using a lid with 
a concave portion between this lid and the flat multilay- 
ered substrate. In addition, as an example of a higher 
heat dissipation efficiency, a method in which a surface 
of a material with a high thermal conductivity contacts 
with a surface of a semiconductor device is proposed 
(JP-2856192B). 

[0004] However, the conventional configuration in 
which a surface of a material with a high thermal con- 
ductivity contacts with a surface of semiconductor de- 
vice has a problem in that when the semiconductor de- 
vice is packaged on a wiring board in a face-up manner, 
an active surface of the semiconductor device contacts 
with the material with a high thermal conductivity and is 
covered with the same, which increases an effective di- 
electric constant at the active surface as compared with 
the case of contacting with air. This causes a change in 
the properties of the semiconductor device. 
[0005] When trying to downsize a semiconductor de- 
vice operating at a millimeter-wave band, the conven- 
tional configurations cannot realize a sufficient heat dis- 
sipation capability because heat cannot dissipate effec- 
tively, which causes a problem of a deterioration in reli- 
ability of a module including the device therein. There- 
fore, it is difficult to improve the heat dissipation efficien- 



cy while downsizing the semiconductor device operat- 
ing at millimeter-wave band and other circuit compo- 
nents. 

[0006] Therefore, in order to cope with the above-stat- 
s ed conventional problems, it is an object of the present 
invention to provide a semiconductor built-in millimeter- 
wave band module by which heat generated from a 
semiconductor device operating at a millimeter-wave 
band is dissipated effectively so as to improve the heat 
10 dissipation effect and at the same time the semiconduc- 
tor device and other circuit components can be pack- 
aged with high density. 

[0007] In order to fulfill the above-stated object, a 
semiconductorbuilt-in millimeter-waveband module ac- 

15 cording to the present invention includes an electrical 
insulating substrate that is made of a mixture containing 
an inorganic filler and a thermosetting resin. A high ther- 
mal conductivity substrate is made of a dielectric mate- 
rial having thermal conductivity higher than the thermal 

20 conductivity of the electrical insulating substrate and is 
laminated on one surface of the electrical insulating sub- 
strate, A plurality of wiring patterns is formed on the high 
thermal conductivity substrate and the electrical insulat- 
ing substrate. A semiconductor device operating at mil- 

25 limeter-wave band, which is arranged inside of the elec- 
trical insulating substrate, is packaged on the high ther- 
mal conductivity substrate in a face-up manner, and is 
connected electrically with the wiring patterns. A distrib- 
uted constant circuit element and an active element that 

30 are provided on the semiconductor device. In this mod- 
ule, a void is provided inside of the electrical insulating 
substrate and in the vicinity of a surface of the distributed 
constant circuit element and a surface of the active el- 
ement. 

35 [0008] Fig. 1 is a cross-sectional view schematically 
showing a semiconductor built-in millimeter-wave band 
module according to Embodiment 1 of the present in- 
vention. 

[0009] Figs. 2A to 2G are cross-sectional views sche- 
40 matically showing a method of manufacturing the sem- 
iconductor built-in millimeter-wave band module ac- 
cording to Embodiment 1 of the present invention. 
[0010] Fig. 3 is a cross-sectional view schematically 
showing a semiconductor built-in millimeter-wave band 
45 module according to Embodiment 2 of the present in- 
vention. 

[0011] Fig. 4 is a cross-sectional view schematically 
showing a semiconductor built-in millimeter-wave band 
module according to Embodiment 3 of the present in- 
50 vention. 

[0012] Fig. 5 is a cross-sectional view schematically 
showing a semiconductor built-in millimeter-wave band 
module according to Embodiment 4 of the present in- 
vention. 

55 [001 3] Figs. 6A to 6F are cross-sectional views sche- 
matically showing a method of manufacturing the sem- 
iconductor built-in millimeter-wave band module ac- 
cording to Embodiment 4 of the present invention. 
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[0014] Fig. 7 is a cross-sectional view schematically 
showing a semiconductor built-in millimeter-wave band 
module according to Embodiment 5 of the present in- 
vention. 

[0015] Fig. 8 is a cross-sectional view schematically 
showing a semiconductor built-in millimeter-wave band 
module according to Embodiment 6 of the present in- 
vention. 

[0016] Fig. 9 is a cross-sectional view schematically 
showing a semiconductor built-in millimeter-wave band 
module according to Embodiment 7 of the present in- 
vention. 

[001 7] Fig. 1 0 is a cross-sectional view schematically 
showing a semiconductor built-in millimeter-wave band 
module according to Embodiment 8 of the present in- 
vention. 

[001 8] Fig. 1 1 is a cross-sectional view schematically 
showing a semiconductor built-in millimeter-wave band 
module according to Embodiment 9 of the present in- 
vention. 

[0019] Fig. 12 is a cross-sectional view schematically 
showing a semiconductor built-in millimeter-wave band 
module according to Embodiment 10 of the present in- 
vention. 

[0020] Fig. 13 schematically shows a circuit of the 
semiconductorbuilt-in millimeter-wave band module ac- 
cording to Embodiment 10 of the present invention. 
[0021] Fig. 14 shows a distributed constant line for 
synthesizing an output power of the semiconductor 
built-in millimeter-wave band module according to Em- 
bodiment 1 of the present invention. 
[0022] Fig. 15 is a plan view showing a main portion 
of the semiconductorbuilt-in millimeter-wave band mod- 
ule according to Embodiment 1 of the present invention. 
[0023] Fig. 16 schematically shows a circuit of the 
semiconductorbuilt-in millimeter-wave band module ac- 
cording to Embodiment 10 of the present invention. 
[0024] Fig. 1 7 is a cross-sectional view schematically 
showing a semiconductor built-in millimeter-wave band 
module according to Embodiment 11 of the present in- 
vention. 

[0025] Fig. 18 schematically shows a circuit of the 
semiconductorbuilt-in millimeter-wave band module ac- 
cording to Embodiment 11 of the present invention. 
[0026] A semiconductor built-in millimeter-wave band 
module according to the present invention includes an 
electrical insulating substrate that is made of a mixture 
containing an inorganic filler and a thermosetting resin. 
A high thermal conductivity substrate is made of a die- 
lectric material having thermal conductivity higher than 
thermal conductivity of the electrical insulating sub- 
strate. A plurality of wiring patterns is formed on the high 
thermal conductivity substrate and the electrical insulat- 
ing substrate. A semiconductor device operating at mi- 
crometer-wave band or at a millimeter-wave band, 
which is arranged inside of the electrical insulating sub- 
strate, is packaged on the high thermal conductivity sub- 
strate in a face-up manner, and is connected electrically 



with the wiring patterns. A void is provided inside of the 
electrical insulating substrate and at regions in the vi- 
cinity of a distributed constant circuit element formed 
with a wiring pattern and an active element on the sem- 

5 iconductor device. With this configuration, heat gener- 
ated from the semiconductor device operating at a mil- 
limeter-wave band can be dissipated effectively so as 
to improve the heat dissipation effects, while the semi- 
conductor device and the other circuit components can 

w be packaged with high density so as to downsize the 
module. 

[0027] According to the semiconductor built-in millim- 
eter-wave band module of the present invention, the 
semiconductor device and a heat sink can be connected 

is in the shortest distance, and electrical wiring and a ther- 
mal path for heat dissipation can be provided in different 
directions. Therefore, as compared with the convention- 
al case where a semiconductor device is die-bonded on 
a metal base plate, heat can be dissipated effectively, 

20 and electrical wiring can be arranged freely. In addition, 
since the void is formed at a region in the vicinity of a 
surface on which the distributed constant circuit ele- 
ments on the semiconductor device are provided, the 
properties of the semiconductor device at high frequen- 
ts cies equivalent to those in a bare chip state can be ob- 
tained without being influenced by the resin composition 
constituting the electrical insulating substrate for em- 
bedding the semiconductor device therein. Further- 
more, since the semiconductor device is isolated from 

30 outside air, the semiconductor built-in millimeter-wave 
band module with high reliability can be obtained. 
[0028] Preferably, the inorganic filler contained in the 
mixture constituting the electrical insulating substrate in- 
cludes at least one inorganic filler selected from Al 2 0 3 , 

35 BeO, BN, SiC, AIN and Si0 2 . By using these inorganic 
fillers, the electrical insulating substrate with excellent 
heat dissipation capabilities can be obtained. In addi- 
tion, by selecting an inorganic filler so as to make the 
coefficient of thermal expansion of the electrical insulat- 

40 ing substrate match that of the semiconductor device, 
the semiconductor built-in millimeter-wave band module 
with high reliability can be obtained. Here, the resistance 
of the electrical insulating substrate is 1 x 10 10 a • m or 
more at a room temperature (25°C). 

45 [0029] Preferably, the high thermal conductivity sub- 
strate includes at least one type of ceramic selected 
from Al 2 0 3 , BeO, BN, AIN and SiC. By using these ma- 
terials, a high thermal conductivity substrate with excel- 
lent heat dissipation capabilities can be obtained. Here, 

50 the high thermal conductivity substrate is formed with a 
dielectric material with a thermal conductivity higher 
than that of the electrical insulating substrate, and for 
example they are as follows: Al 2 0 3 (18 to 33 W/m • K), 
BeO(260 W/m • K), BN(600 W/m . K), AIN (150 to 210 

55 W/m • K), and SiC (200 to 280 W/m . K). 

[0030] Preferably, the semiconductor device includes 
at least one semiconductor selected from a substance 
comprising Si, GaAs, SiGe, InP and SiC. By using these 
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semiconductor devices, the semiconductor built-in mil- 
limeter-wave band module with excellent frequency 
characteristics at high frequencies can be obtained. 
[0031] The semiconductor device preferably is isolat- 
ed from outside air by the electrical insulating substrate. 
By isolating the semiconductor device from outside air, 
the deterioration of the reliability of the semiconductor 
device due to humidity can be avoided. 
[0032] In the module according to the present inven- 
tion, a second high thermal conductivity substrate may 
be laminated on the other surface of the electrical insu- 
lating substrate. With this configuration, an influence on 
the warp occurring over the whole module with a tem- 
perature change during operation can be prevented by 
virtue of the provision of the same materials on both 
sides of the electrical insulating substrate. Moreover, 
even when the high thermal conductivity substrate is 
made thinner or when a film form resin material is used, 
an influence on the warp can be prevented and the over- 
all height and thickness of the module can be made 
smaller. As a result, the physical distance between the 
semiconductor and the heat sink can be made shorter, 
and therefore when a thermal via hole for heat dissipa- 
tion is provided in the high thermal conductivity sub- 
strate immediately under the semiconductor device, 
heat from the semiconductor device can be dissipated 
further effectively. 

[0033] In the above module, the void may extend to 
the second high thermal conductivity substrate. With 
this configuration, in the process of manufacturing the 
semiconductor built-in millimeter-wave band module, 
when the sheet member in the manufacturing method 
of Embodiment 1 , which will be described later, is man- 
ufactured in which the first through hole for forming the 
void is formed and the second through hole is filled with 
the conductive resin composition, such a sheet member 
can be manufactured by forming the second through 
hole in one mixture, filling the second through hole with 
the conductive resin composition, and then forming the 
first through hole for forming the void, so that the semi- 
conductor built-in millimeter-wave band module can be 
manufactured more effectively. 
[0034] In addition, the above module further may in- 
clude: on the other surface of the electrical insulating 
substrate, a low dielectric loss substrate made of a ma- 
terial with dielectric loss lower than that of the electrical 
insulating substrate; a plurality of wiring patterns formed 
on the low dielectric loss substrate; a filter element ar- 
ranged inside of the electrical insulating substrate and 
provided on the low dielectric loss substrate; and a void 
provided at a region in the vicinity of a surface of the 
filter element. With this configuration, while heat can be 
dissipated with high efficiency, electrical wiring can be 
arranged freely. Besides, the high frequency character- 
istics of the semiconductor device equivalent to those 
in a bare chip state can be obtained. In addition, al- 
though the filter element is included therein, since the 
void is formed at a region in the vicinity of the filter ele- 



ment, the filter element is free from the influence by the 
resin composition constituting the electrical insulating 
substrate for embedding the filter element therein. 
Therefore, a filter element with low loss can be included 
5 therein, so that the semiconductor device can be con- 
nected therewith in the shortest distance, which can re- 
duce a loss due to the connection. 
[0035] Preferably, the low dielectric loss substrate in- 
cludes at least one type of ceramic selected from Al 2 0 3 , 
10 BeO, BN, SiC, AIN and SiC. In addition, the low dielectric 
loss substrate has a heat distortion temperature not less 
than 180°C and preferably not less than 200°C. The 
heat distortion temperature is set at 1 80°C or more be- 
cause a temperature up to 175°C is applied thereto in 
15 the lamination process for manufacturing the module of 
the present invention. The heat resistant resin that can 
used in the present invention, for example, includes at 
least one type of resin selected from a fluorine resin, a 
polyimide (PI) resin, an aramid resin including a meta 
group and a para group, a polyester resin, a polyamide- 
imide resin, a polyester-imide resin, a polyether ketone 
(PEK) resin, a polyether ether ketone (PEEK) resin, a 
polysulfone (PS) resin, a bismaleimide-triazine resin, a 
polyphenylene ether (PPE) resin, a polyphenylene 
sulfide (PPS) resin, a polybenzimidazole resin, a liquid 
crystal polymer and polybenzo-cyclobutene. The fluo- 
rine resin, for example, includes potytetraf luoroethylene 
(PTFE), tetrafluoroethylene-perfluoro alkyl vinyl ether 
copolymer (PFA), polychloro-trifluoroethylene (PCT- 
FE), polyvinylidene fluoride (PVDF), polyvinyl fluoride 
(PVF),tetrafluoroethylene-hexafluoropropylene copoly- 
mer (FEP) and tetrafluoroethylene-ethylene copolymer 
(PETFE). These materials can reduce the insertion loss 
of the filter element that is manufactured on the low di- 
electric loss substrate, so that a filter with high perform- 
ance can be obtained. 

[0036] For instance, the electrical insulating substrate 
formed by mixing 90 weight% of aluminum powder with 
an average particle diameter of 12 jim, 8 weight% of 
bisphenol A epoxy resin, and 2 weight% of hardening 
agent has a dielectric constant of about 0.02, whereas 
the above-described low dielectric loss substrate has a 
dielectric constant of about 0.002. 
[0037] In the semiconductor built-in millimeter-wave 
band module of the present invention, the distributed 
constant circuit element and the active element provid- 
ed on the semiconductor device and the filter element 
provided on the low dielectric loss substrate may be pro- 
vided in the same void. With this configuration, the sem- 
iconductor built-in millimeter-wave band module includ- 
ing the semiconductor device and the filter element 
therein can be manufactured effectively. 
[0038] In the above module, a shield conductor may 
be provided on a side of the void, the surface being op- 
posed to the distributed constant circuit element. With 
this configuration, the shield conductor can prevent the 
leakage of a signal between the semiconductor device 
and the filter element. In addition to that, the deformation 
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of the shape of the void due to the softening of the resin, 
which might occur in a void formation step during the 
manufacturing process of the semiconductor buitt-in mil- 
limeter-wave band module, can be reduced. 
[0039] In the above module, the shield electrode may 
be shared with a plurality of voids. With this configura- 
tion, the number of layers in the electrical insulating sub- 
strate can be reduced, and the module can be manu- 
factured effectively. 

[0040] The above module further may include a circuit 
component that is arranged inside of the electrical insu- 
lating substrate and is connected electrically with the 
wiring patterns. With this configuration, even when the 
circuit component is included therein, the connecting 
distance between the semiconductor device and the cir- 
cuit component can be made shorter. Thereby, a noise 
in the electric signal can be reduced, so that a semicon- 
ductor built-in millimeter-wave band module with excel- 
lent high frequency characteristics can be obtained. In 
addition, since the circuit component whose properties 
are guaranteed beforehand is included therein, a mod- 
ule with a high yield during the manufacturing process 
and with a high reliability can be realized. 
[0041] Note here that the circuit component prefera- 
bly is isolated from outside air by the electrical insulating 
substrate. By isolating the circuit component from out- 
side air, the deterioration of the reliability of the circuit 
component due to humidity can be avoided. 
[0042] Another semiconductor built-in millimeter- 
wave band module according to the present invention 
includes: first and second electrical insulating sub- 
strates made of a mixture containing an inorganic filler 
and a thermosetting resin. A high thermal conductivity 
substrate is made of a dielectric material having thermal 
conductivity higher than thermal conductivity of the first 
electrical insulating substrate and that is laminated on 
one surface of the first electrical insulating substrate. A 
first and a second low dielectric loss substrate are made 
of a material with dielectric loss lower than the dielectric 
loss of the first electrical insulating substrate. A plurality 
of wiring patterns is formed on the high thermal conduc- 
tivity substrate, the first and the second electrical insu- 
lating substrates and the first and the second low die- 
lectric loss substrates. A semiconductor device operat- 
ing at millimeter-wave band, which is arranged inside of 
the first electrical insulating substrate, is packaged on 
the high thermal conductivity substrate in a face-up 
manner, and is connected electrically with the wiring pat- 
terns. A distributed constant circuit element and an ac- 
tive element are provided on the semiconductor device. 
A void is provided inside of the first electrical insulating 
substrate and at regions in the vicinity of the distributed 
constant circuit element and the active element on the 
semiconductor device. A circuit component is arranged 
inside of the second electrical insulating substrate and 
is connected electrically with the wiring pattern on the 
second low dielectric loss substrate. In this module, the 
first low dielectric loss substrate is laminated on the oth- 



er side of the first electrical insulating substrate, and the 
second electrical insulating substrate is laminated be- 
tween the first low dielectric loss substrate and the sec- 
ond low dielectric loss substrate. 
5 [0043] According to this semiconductor built-in millim- 
eter-wave band module, heat from the semiconductor 
device can be dissipated effectively, properties equiva- 
lent to those in a bare chip state can be obtained, the 
semiconductor device can be connected to the filter with 
io low loss using the short wiring, excellent high frequency 
characteristics are realized and a high yield during the 
manufacturing process and high reliability can be real- 
ized. In addition to them, the length of the wiring be- 
tween the circuit components mounted on the plurality 
is of low dielectric loss substrates and the semiconductor 
device or the filter element can be made significantly 
shorter as compared with the case where the low die- 
lectric loss substrates are not laminated into a multilay- 
ered structure but arranged two-dimensionally. There- 
fore, a loss in the signal due to the wiring can be re- 
duced, and a mounting area of the module with the same 
function can be reduced and miniaturized so that circuit 
components can be packaged densely. 
[0044] Still another semiconductor built-in millimeter- 
wave band module according to the present invention 
includes: an electrical insulating substrate that is made 
of a mixture containing an inorganic filler and a thermo- 
setting resin. A high thermal conductivity substrate is 
made of a dielectric material having thermal conductivity 
higher than thermal conductivity of the electrical insulat- 
ing substrate and is laminated on one surface of the 
electrical insulating substrate. A tow dielectric loss sub- 
strate is made of a material with dielectric loss lower 
than the dielectric loss of the electrical insulating sub- 
strate and is laminated on the other surface of the elec- 
trical insulating substrate. A plurality of wiring patterns 
is formed on the high thermal conductivity substrate, the 
electrical insulating substrate and the low dielectric loss 
substrate. A high frequency signal output terminal and 
an external signal input terminal are provided on the 
high thermal conductivity substrate or the low dielectric 
loss substrate. A semiconductor device operating at a 
millimeter-wave band, which is arranged inside of the 
electrical insulating substrate, is packaged on the high 
thermal conductivity substrate in a face-up manner, and 
is connected electrically with the wiring patterns. A dis- 
tributed constant circuit element and an active element 
that are provided on the semiconductor device. A filter 
element is arranged inside of the electrical insulating 
substrate and is provided on the low dielectric loss sub- 
strate. A void is provided inside of the electrical insulat- 
ing substrate and at regions in the vicinity of the distrib- 
uted constant circuit element and the active element on 
the semiconductor device and the filter element. In the 
module, the external signal input terminal and an input 
terminal of the filter element is connected electrically 
with each other, an output terminal of the filter element 
and an input terminal of the semiconductor device are 
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connected electrically with each other, an output termi- 
nal of the semiconductor device and the high frequency 
signal output terminal are connected electrically with 
each other. 

[0045J According to this semiconductor built-in millim- 
eter-wave band module, in the case of the semiconduc- 
tor device being a power amplifier for high output, a 
transmission module can be obtained so that the semi- 
conductor built-in millimeter-wave band module realizes 
one integral transmission function, whereby the number 
of components constituting a communication instrument 
handling millimeter-wave band signals can be reduced. 
In the case of the semiconductor device being a low- 
noise amplifier, a receiving module can be obtained. In 
addition, according to the semiconductor built-in millim- 
eter-wave band module using a plurality of semiconduc- 
tor devices, a millimeter-wave band front end module 
with an integrated transmission/reception function can 
be obtained. 

[0046] As described above, according to the semicon- 
ductor built-in millimeter-wave band module of the 
present invention, the semiconductor device and a heat 
sink can be connected in the shortest distance, and 
electrical wiring and a thermal path for heat dissipation 
can be provided in different directions. Therefore, heat 
can be dissipated effectively, and electrical wiring can 
be arranged freely. In addition, since the void is formed 
at a region in the vicinity of a surface on which the dis- 
tributed constant circuit elements on the semiconductor 
device are provided, the properties of the semiconduc- 
tor device at high frequencies equivalent to those in a 
bare chip state can be obtained without being influenced 
by the resin composition constituting the electrical insu- 
lating substrate for embedding the semiconductor de- 
vice therein. 

[0047] In addition, according to the semiconductor 
built-in millimeter-wave band module of the present in- 
vention, since the filter element and the circuit compo- 
nent are included therein, the connecting distance be- 
tween the semiconductor device and these circuit com- 
ponents can be made shorter. Thereby, a semiconduc- 
tor built-in millimeter-wave band module with excellent 
high-frequency characteristics such as a reduced noise 
in the electric signal can be obtained. In addition, since 
the circuit component whose properties are guaranteed 
beforehand is included therein, a module with a high 
yield during the manufacturing process and with a high 
reliability can be realized. 

[0048] Furthermore, according to the semiconductor 
built-in millimeter-wave band module of the present in- 
vention, the multilayered structure allows the semicon- 
ductor device and the circuit component to be connect- 
ed in the short distance, so that a loss in the signal due 
to the wiring can be reduced, and a mounting area of 
the module with the same function can be reduced and 
miniaturized so that circuit components can be pack- 
aged densely. 



Embodiments 

[0049] The following describes specific embodiments 
of a semiconductor built-in millimeter-wave band mod- 
5 ule according to the present invention, with reference to 
the drawings. Since elements assigned to the same ref- 
erence numeral are identical with one another in the fol- 
lowing embodiments, their explanation may be omitted. 

io Embodiment 1 

[0050] Fig. 1 is a cross-sectional view schematically 
showing a configuration of a semiconductor built-in mil- 
limeter-wave band module according to Embodiment 1 
'5 of the present invention. 

[0051] The semiconductor built-in millimeter-wave 
band module according to this embodiment will be de- 
scribed below, with reference to Fig. 1 . In Fig. 1 , a sem- 
iconductor device 101 is packaged on a high thermal 
conductivity substrate 103 in a face-up manner and is 
connected electrically with a wiring pattern 119 formed 
on the high thermal conductivity substrate 1 03 and a by- 
pass capacitor 133 mounted on the wiring pattern 119 
by means of wire bonding via a wire 131. 
[0052] The semiconductor device 101 operates at a 
millimeter-wave band, and the millimeter-wave band 
generally refers to 30 GHz or higher, for example, 32 
GHz, 60 GHz and 72 GHz, and includes 26 GHz as a 
special one. 

[0053] On the semiconductor device 1 01 , an active el- 
ement 124 and a passive circuit element 121 (hereinaf- 
ter referred to as "distributed constant circuit element") 
formed with a pattern are formed, where the passive cir- 
cuit includes a matching circuit using a wiring for con- 
necting these active elements and a stub, a coupled line, 
a filter and a stub for bypass. The stub is a wiring pro- 
vided with a branch portion for adjusting impedance of 
the wiring, and the end portion of the stub is connected 
electrically to an open end or to the grounding layer us- 
ing a via hole and the like. For instance, by adjusting a 
wiring length from the branch portion at a length of 1/4 
of the wavelength of a propagated signal and by making 
the wiring end open or short-circuited, the branch por- 
tion becomes a state of short-circuited or open, respec- 
tively. This stub particularly is connected with an input 
terminal and an output terminal of a transistor and is 
used for adjusting input/output impedance. The active 
element 124 may be one or more of, for example, a bi- 
polar transistor, a field effect transistor (FET) and a di- 
ode. 

[0054] A void 1 07 is formed in regions of an insulating 
substrate 1 05 made of a mixture containing an inorganic 
filler and a thermosetting resin in the vicinity of the dis- 
tributed constant circuit element 121 and the active el- 
ement 124 provided on the semiconductor device 101. 
[0055] This void 107 is provided for preventing the dis- 
tributed constant circuit element 121 and the active el- 
ement 124 on the semiconductor device 101 from con- 
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tacting with the insulating substrate 1 05, and a size and 
a shape of the void is not limited especially. Preferably, 
the minimum space between the walls of the void 1 07 
and the respective elements is a space of approximately 
100 nm or more. Since a distributed constant circuit el- 
ement and an active element normally are designed and 
manufactured assuming that these elements contact 
with air (dielectric constant of 1), the provision of such 
a void is required. Preferably, the shapes of these voids 
are uniform. Furthermore, in order to manufacture a 
compact module, it is preferable that these voids have 
the required minimum gap and a uniform space. 
[0056] Since the void is provided at a portion where a 
wiring and an active element provided on a semicon- 
ductor element are arranged, the shape of the void may 
be changed freely depending on the arrangement. For 
instance, in the case of a GaAs, 26 GHz band high pow- 
er amplifying semiconductor device (power consump- 
tion: 5W, output at 1dB gain compression point: 30 
dBm), monolithic microwave integrated circuits (MMIC) 
are formed in which a plurality of amplifiers are included 
in one chip and a distributed constant line for combining 
output power from the respective amplifiers also is 
formed in the same chip (See Fig. 14). Fig. 14schemat- 
ically shows a circuit diagram of an example of a Wilkin- 
son divider/combiner using a distributed constant line. 
A signal with a wavelength of X is input from an input 
port 1 61 , and divided signals are output from a first out- 
put port 162 and a second output port 163. In the case 
of a system where a load of 50 Q is connected with each 
of the first output port and the second output port, a first 
distributed constant line 1 71 and a second distributed 
constant line 1 72 respectively are provided between the 
input ports and the first and the second output ports, 
where each of the first and second distributed constant 
lines 171 and 172 has a characteristic impedance of 
70.7 n and a length of 1/4 of a wavelength of the input 
signal. Also, between the first output port and the sec- 
ond output port, a resistor 173 of 100 Q is connected. 
With this configuration, a half power with a same phase 
as the input signal is output from each of the first and 
the second output port. When these first distributed con- 
stant line and second distributed constant line are pro- 
vided on a semiconductor device, these lines normally 
have a microstrip line structure. In this case, a line 
through which a signal is propagated is manufactured 
to have a desired impedance value in a state where the 
line contacts with an air layer. If a resin layer is formed 
at a region contacting with the microstrip line, an effec- 
tive dielectric constant changes as compared with a 
case where an air layer is provided, and therefore the 
characteristic impedance would deviate from the de- 
sired value. In addition, since an electromagnetic wave 
has a property of its wavelength varying with the dielec- 
tric constant of a medium in which the electromagnetic 
wave exists, a wavelength is decreased in the case of 
a resin layer provided on a surface of the microstrip line 
when compared with the case of an air layer provided 



thereon. As a result, the first distributed constant line 
and the second distributed constant line no longer have 
the length equivalent to 1/4 of the wavelength. Thereby, 
a portion of the input signal is output to the input port 

5 and the remaining portion is output to the output port, 
so that the signal cannot be distributed effectively. To 
avoid this, a void is provided at regions in which an ac- 
tive element and a distributed constant line provided in 
a semiconductor device are formed. 

10 [0057] Fig. 15 is a top plan view that schematically 
shows a relationship among a semiconductor device 
and an active element and a distributed constant circuit 
element that are provided on the semiconductor device. 
The semiconductor device 1 01 is packaged on the high 

*s thermal conductivity substrate 1 03 in a face-up manner. 
An input side wiring pattern 181 and an output side wir- 
ing pattern 182 provided on the high thermal conductiv- 
ity substrate 103 are wire-bonded to pads 191a and 
191b on the semiconductor device 101 via wires 131a 

20 and 131b. Also, the bypass capacitor 133 mounted on 
a wiring pattern 119 and the pad 191c are connected 
with each other via the wire 131c. On the semiconductor 
device 101 , a plurality of active elements 124 and a plu- 
rality of distributed constant circuit elements 121 are 

25 provided. The active elements 124, for example, are 
FETs, which are connected electrically via the distribut- 
ed constant circuit elements 121 to distribute and syn- 
thesize effectively power of a signal amplified by the 
FETs. Inside of a portion surrounded with the dotted line 

30 a, a void is provided. The active elements 124 and the 
distributed constant circuit elements 1 21 each connect- 
ing between the active elements 124 should be formed 
in the void. 

[0058] Additionally, when the minimum width of the di- 

35 mensions of the void is made smaller than the dimen- 
sions of the semiconductor by providing an insulating 
substrate so as to contact with a partial region on the 
semiconductor device, the void can be formed with sta- 
bility. As a result, effective dielectric constants of the ac- 

40 tive elements and the distributed constant circuit lines 
provided on the semiconductor device can be stabilized. 
In this case, a portion of the semiconductor device as- 
sumes a state of being embedded in the insulating sub- 
strate. If the dimensions of the void are changed, the 

45 electromagnetic field distribution of the active elements 
and the distributed constant lines are changed, so that 
their effective dielectric constants are changed. There- 
fore, if wiring formed in the void is a distributed constant 
line, its characteristic impedance changes, thus causing 

50 a change in the signal characteristics. 

[0059] Note here that at a region on the semiconduc- 
tor device where the distributed constant circuits 121 
and the active elements 124 are not present, as shown 
in Fig. 1 , the insulating substrate 105 may contact with 

55 a surface of the semiconductor device 1 01 . 

[0060] The wiring pattern 1 1 9 formed on the high ther- 
mal conductivity substrate 1 03 is connected electrically 
with an externa! electrode 1 1 3 provided on the insulating 
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substrate 105 via a via conductor 111 . On a surface of 
the high thermal conductivity substrate 1 03 opposite the 
surface with the semiconductor device 101 formed ther- 
eon, a heat sink 115 is mounted integrally using an ad- 
hesion layer 1 04 to dissipate heat. As the heat sink, die- 
casting aluminum or the like is used, and a fin or the like 
is provided so as to increase the surface area to facilitate 
the heat dissipation. The shape of the fin may be adopt- 
ed freely depending on a heating value from heat gen- 
erating elements, an ambient temperature during the 
operation, and a thermal resistance from the heat gen- 
erating element to a heat sink connecting portion. For 
instance, as the shape of the fin, a thickness of 0.5 to 2 
mm and a height of 2 to 90 mm are used optionally. The 
bonding between the high thermal conductivity sub- 
strate and the heat sink may be conducted by applying 
a high thermal conductivity silicone oil compound 
"G765" (trade name) made by Shin-Etsu Chemical Co., 
Ltd. according to a method such as printing at a region 
to be bonded to the heat sink on the high thermal con- 
ductivity substrate, to have a thickness not more than 
200 urn, and thereafter by overlaying the heat sink ther- 
eon, followed by the application of, for example, pres- 
sure at 1 x 1 0 5 Pa. Thereby, the heat sink can be bonded 
to the high thermal conductivity substrate. The heat sink 
may be replaced with a casing made of a metal such as 
aluminum capable of dissipating heat from the semicon- 
ductor built-in millimeter-wave band module (Fig. 17). 
This heat sink 15 may be attached thereto if required. 
This applies to the following embodiments also. 
[0061] In Fig. 1 , the insulating substrate 105 is made 
of a mixture containing an inorganic filler and a thermo- 
setting resin. As the inorganic filler, for example, at least 
one selected from Al 2 0 3 , BeO, BN, SiC, AIN and SI0 2 
can be used. It is preferable that the inorganic filler is 
contained in a range of 70 weight% to 95 weight%, in- 
clusive, with reference to the mixture. It is preferable that 
an average particle diameter of the inorganic filler is in 
a range of 0.1 fim to 100 urn, inclusive. The thermoset- 
ting resin, for example, can be selected from an epoxy 
resin, a phenol resin and a cyanate resin with high heat 
resistance. The epoxy resin is particularly preferable be- 
cause of especially high heat resistance. The mixture 
further may contain a dispersing agent, a coloring agent, 
a coupling agent or a releasing agent. 
[0062] To be more specific, an insulating substrate 
with a thickness of 200 p.m was manufactured, in which 
90 weight% of aluminum powder with an average parti- 
cle diameter of 12 urn, 8 weight% of bisphenol A epoxy 
resin, and 2 weight 0 /© of hardening agent were mixed. 
[0063] The wiring pattern 119 is made of a material 
exhibiting electrical conductivity, and for example is 
formed with copper foil or a conductive resin composi- 
tion. When a thin film conductor is used as the wiring 
pattern, a conductor made of Ni/Cr and Au is formed on 
the high thermal conductivity substrate 103 by sputter- 
ing and the like. 

[0064] As the wiring pattern 119 on the high thermal 



conductivity substrate 103 for transmitting a high-fre- 
quency signal, a transmission line for high frequency 
such as a microstrip line and a coplanar line is used. 
[0065] The semiconductor device 101 is die-bonded 

5 to the high thermal conductivity substrate 103 using a 
resin composition containing a metal filler or an inorgan- 
ic filler and a thermosetting resin, a solder and the like. 
As the solder, for example, lead/tin base eutectic solder, 
high temperature solder and gold/tin solder can be used . 

io As the resin composition, for example, an epoxy resin, 
a phenol resin and a cyanate resin with high heat resist- 
ance can be selected. As the filler, for example, silver, 
silver-palladium, copper, Al 2 0 3 , BeO, BN, SiC, AIN and 
Si0 2 can be used. The gold/tin solder and the like are 

'5 particularly preferable because the thermal resistance 
between the semiconductor device 101 and the high 
thermal conductivity substrate 103 can be made small. 
To be more specific, a GaAs semiconductor device was 
die-bonded to an AIN substrate with a thickness of 500 

20 using ribbon-like AnSn solder (Au: 80 weight%) with 
a thickness of 30 \im. 

[0066] The semiconductor built-in millimeter-wave 
band module shown in Fig. 1 has the voids 107 formed 
at regions in the vicinity of the active elements and the 

25 passive circuit elements 121 formed with a pattern, 
which are provided on the semiconductor device 101. 
Therefore the high-frequency characteristics of the 
semiconductor element 101 even in the case of pack- 
aged as the semiconductor built-in millimeter-wave 

30 band module do not change as compared with the prop- 
erties of the semiconductor device 101 as a unit. 
[0067] At the same time, the rear face of the semicon- 
ductor device 101 is bonded to the high thermal conduc- 
tivity substrate 103 using a material with low thermal re- 

35 sistance, and therefore heat can be dissipated effective- 
ly so as to improve the heat dissipation effect. 
[0068] In addition, according to the semiconductor 
built-in millimeter-wave band module, by selecting an in- 
organic filler used for the insulating substrate 105, aco- 

40 efficient of linear expansion, heat conductivity, dielectric 
constant and the like of the insulating substrate 1 05 can 
be controlled easily. By making the coefficient of linear 
expansion of the insulating substrate 105 approximately 
the same as that of the high thermal conductivity sub- 

45 strate 1 03, the generation of a crack caused by a ther- 
mal change and the like can be prevented, so that a 
semiconductor built-in millimeter-wave band module 
with high reliability can be obtained. 
[0069] Furthermore, according to the semiconductor 

so built-in millimeter-wave band module, the insulating 
substrate 1 05 can isolate the semiconductor device 1 01 
from outside air, thus preventing a deterioration of reli- 
ability due to humidity. Moreover, since the semiconduc- 
tor built-in millimeter-wave band module according to 

55 this embodiment uses the mixture of the inorganic filler 
and the thermosetting resin as the material of the insu- 
lating substrate 105, there is no need to bake the sub- 
strate at high temperatures unlike a ceramic substrate. 
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[0070] The following describes one example of a 
method for manufacturing the semiconductor built-in 
millimeter-wave band module according to the present 
invention, with reference to Figs. 2A to 2G. Figs. 2A to 
2G are cross-sectional views showing one embodiment 
of the process of manufacturing a semiconductor built- 
in millimeter-wave band module. 
[0071] Firstly, as shown in Fig, 2A, a mixture contain- 
ing an inorganic filler and a thermosetting resin is proc- 
essed to form a mixture sheet 150a in a sheet form. 
Such a mixture sheet 150a in a sheet form can be 
formed by mixing the inorganic filler and an uncured 
thermosetting resin into a mixture paste and by shaping 
the mixture paste to have a uniform thickness. The mix- 
ture sheet 1 50a in a sheet form may undergo heat treat- 
ment at a curing temperature of the thermosetting resin. 
For example, when a thermosetting epoxy resin is used, 
a heat treatment condition is kept at a temperature of 
120°C for 15 minutes. This thermosetting epoxy resin 
has a curing starting temperature at 130°C, and there- 
fore the resin is in a semi-cured state or a partially cured 
state (B stage) under the above-stated heat treatment 
condition, and can be melted again by the application of 
heat in the later steps. By conducting the heat treatment 
as described above, the adhesiveness of the mixture 
sheet 150a can be removed while keeping the flexibility 
of the same, thus facilitating a procedure in the later 
steps. In addition, for a mixture including a thermoset- 
ting resin dissolved in a solvent, a heat treatment serves 
to remove the solvent partially. 
[0072] Thereafter, as shown in Fig. 2B, a first through 
hole 140 is formed at a desired position of a mixture 
sheet 150b. This first through hole 140 can be formed 
by, for example, laser processing, processing using a 
drill or a mold. The laser processing is preferable be- 
cause this method can form the first through hole 140 
with a fine pitch and does not generate swarf. As for the 
laser processing, C0 2 laser and excimer laser facilitate 
the processing. 

[0073] Preferably, the first through hole 1 40 is formed 
at a region, when overlaying and laminating on the high 
thermal conductivity substrate, on which a semiconduc- 
tor device is provided, which will be described later, so 
that the first through hole contacts with active elements 
and distributed constant circuit elements formed with a 
wiring pattern that are formed on the semiconductor de- 
vice. 

[0074] Next, the mixture sheet 1 50b in which the first 
through hole 140 is formed and the mixture sheet 150a 
in which no through hole is formed are aligned with each 
other to be overlaid, and are integrated by the applica- 
tion of pressure at, for example, 9.8 x 10 5 Pa. 
[0075] After that, as shown in Fig. 2C, a second 
through hole 141 is formed at a desired position in the 
thus integrated mixture sheet 150c. This second 
through hole 141 is formed in the same manner as in 
the first through hole 140. Note here that the second 
through hole 141 may be formed simultaneously with 



the formation of the mixture sheet 150c in a sheet form 
by shaping the mixture paste. 
[0076] After that, as shown in Fig. 2D, the second 
through hole 141 is filled with a conductive resin com- 
5 position 142 to form a sheet member with the second 
through hole 1 41 filled with the conductive resin compo- 
sition 142. 

[0077] In parallel with the process of Figs. 2A to 2D, 
a high thermal conductivity substrate 1 03 is prepared as 

io shown in Fig. 2E. As its material, for example, Al 2 0 3 , 
BeO, BN, SiC, AIN and Si0 2 are available. AIN, SiC and 
the like are preferable because of exerting high heat dis- 
sipation effects. The semiconductor device 101 made 
of GaAs, InP and the like is die-bonded to this high ther- 

15 mal conductivity substrate 103, followed by the wire 
bonding to the wiring pattern 119 via the wire 131 . 
[0078] The semiconductor device 101 is for example 
a GaAs semiconductor device with dimensions of 4 mm 
x 2.5 mm and a thickness of 50 u,m , having a power con- 

20 sumption of 5 W, and such a semiconductor device is 
die-bonded to an AIN substrate with a thickness of 500 
pm using a ribbon-like AnSn solder (Au: 80 weight%) 
with a thickness of 30 um When conducting the die- 
bonding, the semiconductor device is aligned using a jig 

25 made of carbon in an atmosphere of nitrogen under the 
condition of 320°C kept for 1 0 seconds. When the sem- 
iconductor is die-bonded using alloy base solder, the 
stress occurs at the bonding portion due to a difference 
in coefficient of thermal expansion. To avoid this, a ma- 

30 terial in view of the coefficients of thermal expansion of 
the semiconductor device and the die-bonding sub- 
strate can be selected. Thereafter, a conductive epoxy 
adhesive "H20E" (trade name) made by Epoxy Technol- 
ogy Inc. , is supplied onto the AIN substrate by a dispens- 
es ing method. Then, a bypass capacitor measuring 0.5 
mm per side is mounted thereon and cured at a temper- 
ature of 150°C for 15 minutes, so as to package the by- 
pass capacitor 1 33 on the AIN substrate. After that, the 
semiconductor device, the wiring 119 on the AIN sub- 

40 strate and the bypass capacitor 1 33 are wire-bonded us- 
ing an Au wire with a diameter of 25 u,m on a heater 
stage at a temperature of 150°C. The die-bonding can 
be conducted using a resin composition in which a metal 
such as silver is dispersed, and in order to enhance the 

45 heat dissipation effects, gold/tin solder, leadAin solder 
and the like also can be used. Similarly, the distributed 
constant circuit element 1 21 and the active element 1 24 
also are packaged onto the AIN substrate by die-bond- 
ing. 

50 [0079] After that, the high thermal conductivity sub- 
strate 103 on which the semiconductor device 101 is 
packaged, the mixture sheet in a sheet form 1 50c shown 
in Fig. 2D, and copper foil 143 are aligned and overlaid 
with one another. 

55 [0080] Next, as shown in Fig. 2F, heat and pressure 
are applied thereto, for example, using hot pressing at 
a pressing temperature of 120°C and pressure of 9.8 x 
1 0 5 Pa for 5 minutes. As a result, the thermosetting resin 
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contained in the mixture sheet 150c is melted and sof- 
tened by the heat, so that a sheet member 105 in which 
the semiconductor device 101 is embedded can be 
formed and the conductive resin composition 142 is 
compressed so as to form a via conductor 111 . Subse- 5 
quently, by applying heat thereto, the thermosetting res- 
ins contained in the mixture sheet 1 50c and the via con- 
ductor 111 are cured. As a result, the semiconductor de- 
vice is embedded and a void 107 is formed at each of 
the regions in the vicinity of the active element 1 24 and 10 
the distributed constant circuit element 121 formed with 
the wiring pattern on the semiconductor device. 
[0081] The above-stated heating temperature may be 
a temperature not lower than a curing temperature of 
the thermosetting resins contained in the mixture sheet *5 
150c and the conductive resin composition 142 (e.g., 
150°C to 260°C). By following this process, the copper 
foil 1 43, the high thermal conductivity substrate 1 03 and 
the insulating substrate 105 are bonded mechanically 
and firmly. In addition, the copper foil 143 is connected 20 
electrically by means of the via conductor 111. Note here 
that when curing the thermosetting resins contained in 
the mixture sheet 150c and the conductive resin com- 
position 142 by the heat, by applying pressure at 9.8 x 
1 0 5 Pa, which is the best condition, to 1 .96 x 1 0 7 Pa as 25 
well as the heat, the mechanical strength of the semi- 
conductor built-in millimeter-wave module further can 
be improved. The heating condition is at 175°C for 60 
minutes. Thereby, the epoxy resin contained in the mix- 
ture sheet 150c and the epoxy resin contained in the 30 
conductive resin composition are cured. This applies to 
the following embodiments also. 
[0082] After that, as shown in Fig. 2G, the copper foil 
1 43 undergoes an etching-process so as to form an ex- 
ternal electrode 113. In this way, the semiconductor 35 
built-in millimeter-wave band module is formed. Al- 
though the through hole 1 41 is filled with the conductive 
resin composition 1 42 as the conductive material in this 
embodiment, such a conductive material is not limited 
especially insofar as being a thermosetting conductive 40 
material. 

[0083] According to the thus configured semiconduc- 
tor built-in millimeter-wave band module, the semicon- 
ductor device and the heat sink can be connected in the 
shortest distance, and electrical wiring and a thermal *5 
path for heat dissipation can be provided in different di- 
rections. Therefore, as compared with the conventional 
case where a semiconductor device Is die-bonded on a 
metal base plate, heat can be dissipated effectively, and 
electrical wiring can be arranged freely. In addition, so 
since the void is formed at a region in the vicinity of a 
surface on which the distributed constant circuit ele- 
ments on the semiconductor device are provided, the 
properties of the semiconductor device at high frequen- 
cies equivalent to those in a bare chip state can be ob- 55 
tained without being influenced by the resin composition 
constituting the insulating substrate for embedding the 
semiconductor device therein. Furthermore, since the 



semiconductor device is isolated from outside air, the 
semiconductor built-in millimeter-wave band module 
with high reliability can be obtained. 

Embodiment 2 

[0084] Fig. 3 is a cross-sectional view schematically 
showing a configuration of a semiconductor built-in mil- 
limeter-wave band module according to Embodiment 2 
of the present invention. 

[0085] The following describes the semiconductor 
built-in millimeter-wave band module of this embodi- 
ment, with reference to Fig. 3. In Fig. 3, a semiconductor 
device 101 is packaged on a high thermal conductivity 
substrate 103 in a face-up manner and is connected 
electrically with a wiring pattern 119 formed on the high 
thermal conductivity substrate 1 03 and a bypass capac- 
itor 133 mounted on the wiring pattern 1 1 9 by means of 
wire bonding via a wire 1 31 . 

[0086] A void 1 07 is formed at regions of an insulating 
substrate 1 05 made of a mixture containing an inorganic 
filler and a thermosetting resin in the vicinity of a distrib- 
uted constant circuit element 121 and an active element 
124 formed on the semiconductor device 101 . On both 
sides of the insulating substrate 105, the high thermal 
conductivity substrates 103 and 103a are provided, 
where a wiring pattern 119 provided on the high thermal 
conductivity substrate 1 03 is connected electrically with 
an external electrode 113 through a via conductor 111 
provided in the insulating substrate 105 and a via con- 
ductor provided in the lower high thermal conductivity 
substrate 1 03a. On an outer surface of the high thermal 
conductivity substrate 103, a heat sink 115 is mounted 
to dissipate heat via a thermal conductive adhesive 1 04. 
[0087] As the high thermal conductivity substrate, a 
film form resin material selected from PTFE, bismaleim- 
ide-triazine, PPO, PPE, liquid crystal polymer, polyben- 
zocyclobutene, polyimide and the like also can be used, 
in addition to the materials described in Embodiment 1 . 
[0088] As the high thermal conductivity substrate 
made of a ceramic material, a thickness of the substrate 
may be selected normally at 100 pm or more in terms 
of the handling ease of the substrate during a manufac- 
turing process of the semiconductor built-in millimeter- 
wave band module. However, in the case of using the 
film form resin material, a thickness can be made at 1 00 
nm or less, and therefore for the purpose of miniaturi- 
zation, a film form resin material is used preferably. 
[0089] In addition to the effects described in Embod- 
iment 1 , the thus configured semiconductor built-in mil- 
limeter-wave band module can prevent an influence on 
the warp occurring over the whole module with a tem- 
perature change during operation by virtue of the provi- 
sion of the same materials on both sides of the insulating 
substrate. Moreover, even when the high thermal con- 
ductivity substrate is made thinner or when a film form 
resin material is used, an influence on the warp can be 
prevented. Additionally, the overall height and thickness 
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of the module can be made smaller. As a result, the 
physical distance between the semiconductor and the 
heat sink can be made shorter, and therefore when a 
thermal via hole for heat dissipation is provided in the 
high thermal conductivity substrate immediately under 5 
the semiconductor device, heat from the semiconductor 
device can be dissipated further effectively. Here, the 
thermal via hole is obtained by filling a through hole with 
a filler for heat dissipation, and a normal via hole for elec- 
trical connection can double as the thermal via hole de- io 
pending on the use. 

Embodiment 3 

[0090] Fig. 4 is a cross-sectional view schematically is 
showing a configuration of a semiconductor built-in mil- 
limeter-wave band module according to Embodiment 3 
of the present invention. 

[0091] The following describes the semiconductor 
built-in millimeter-wave band module of this embodi- 20 
ment, with reference to Fig. 4. In Fig. 4, a semiconductor 
device 101 is packaged on a high thermal conductivity 
substrate 103 in a face-up manner and is connected 
electrically with a wiring pattern 1 1 9 formed on the high 
thermal conductivity substrate 1 03 and a bypass capac- 25 
itor 1 33 mounted on the wiring pattern 1 1 9 by means of 
wire bonding via a wire 131. 

[0092] On both sides of an insulating substrate 105, 
a first and a second high thermal conductivity substrate 
1 03 and 1 03a are provided, where a wiring pattern 119 30 
provided on the first high thermal conductivity substrate 
103 is connected electrically with an external electrode 
1 1 3 through a via conductor 1 1 1 and a via conductor pro- 
vided in the lower high thermal conductivity substrate 
1 03a as the second high thermal conductivity substrate. 35 
On an outer surface of the first high thermal conductivity 
substrate 103, a heat sink 115 is mounted to dissipate 
heat via a thermal conductive adhesive 104. 
[0093] A void 107 is formed at regions in the vicinity 
of a distributed constant circuit element 121 and an ac- *o 
tive element 124 formed on the semiconductor device 
101 . A side of the void that is opposed to the semicon- 
ductor device 1 01 is formed to contact with the high ther- 
mal conductivity substrate, and sidewalls of the void are 
formed to contact with the insulating substrate 105 45 
made of a mixture containing an inorganic filler and a 
thermosetting resin. That is, the void 107 has a shape 
to penetrate through the insulating substrate 105. 

Embodiment 4 so 

[0094] Fig. 5 is a cross-sectional view schematically 
showing a configuration of a semiconductor built-in mil- 
limeter-wave band module according to Embodiment 4 
of the present invention. 55 
[0095] The following describes the semiconductor 
built-in millimeter-wave band module of this embodi- 
ment, with reference to Fig. 5. In Fig. 5, a semiconductor 



device 101 is packaged on a high thermal conductivity 
substrate 103 in a face-up manner and is connected 
electrically with a wiring pattern 1 1 9 formed on the high 
thermal conductivity substrate 1 03 and a bypass capac- 
itor 133 mounted on the wiring pattern 11 9 by means of 
wire bonding via a wire 131 . 

[0096] On the semiconductor device 1 01 , a distribut- 
ed constant circuit element 121 is formed in addition to 
an active element 124. Additionally, on a low dielectric 
loss substrate 11 7, a wiring pattern and a filter element 
125 formed with a wiring pattern are formed. 
[0097] The low dielectric loss substrate 117 and the 
high thermal conductivity substrate 103 are laminated 
with an insulating substrate 1 05 made of a mixture con- 
taining an inorganic filler and a thermosetting resin in- 
serted therebetween. The wiring provided on the low di- 
electric loss substrate 117 and the wiring provided on 
the high thermal conductivity substrate 1 03 are connect- 
ed electrically with each other through a via conductor 
111 provided in the insulating substrate 105. 
[0098] A void 107 is formed at regions in the vicinity 
of a distributed constant circuit element 121 formed with 
the wiring pattern and an active element 1 24 formed on 
the semiconductor device 101 or a region in the vicinity 
of the filter element 125. On an outer surface of the high 
thermal conductivity substrate 103, a heat sink 115 is 
mounted to dissipate heat via a thermal conductive ad- 
hesive 1 04. 

[0099] One example of a method for manufacturing 
the semiconductor built-in millimeter-wave band module 
of the present invention will be described below, with ref- 
erence to Figs, 6A to 6F. Figs. 6A to 6F are cross-sec- 
tional views showing one embodiment of the manufac- 
turing process of the semiconductor built-in millimeter- 
wave band module. 

[0100] Firstly, three sheet members 150a are manu- 
factured according to the method described in Embod- 
iment 1 (Fig. 6A). First through holes 140 are formed in 
the first sheet member 150b, which is one of the three 
sheet members, at regions in the vicinity of the active 
element and the distributed constant circuit element 
formed with the wiring pattern on the semiconductor de- 
vice. 

[0101] Next, a third through hole 144 is formed in the 
second sheet member 150d at regions in the vicinity of 
the filter elements provided on the low dielectric loss 
substrate when laminating them. Next, the first and the 
second sheet members and the remaining third sheet 
member 1 50c that has no through holes formed therein 
are aligned and overlaid with one another so that the 
third sheet member 1 50c is located between the first and 
the second sheet member, and a resin film made of pol- 
yethylene terephthalate, etc. further is overlaid on the 
outside of the lamination, followed by the application of 
pressure to be integrated (Fig. 6B). 
[0102] Thereafter, as shown in Fig. 6C, a second 
through hole 141 is formed at a desired position of the 
thus integrated sheet member 150e, so that a sheet 
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member is formed to have the second through hole 1 41 
formed therein. The second through hole is formed in 
the same manner as in the first through hole. 
[0103] Thereafter, as shown in Fig. 6D, the second 
through hole 141 is filled with a conductive resin com- 5 
position 142 so as to form a sheet member 150e with 
the second through hole 141 filled with the conductive 
resin composition 142. 

[0104] In parallel with the steps of Figs. 6A to 6D, as 
shown in Fig. 6E, a wiring pattern 1 1 9 is formed on the 10 
high thermal conductivity substrate 103 made of AIN 
and the like and a semiconductor device 101 made of 
GaAs, InP and the like is die-bonded thereon, and wire- 
bonding is provided by means of a wire 131. Also, the 
semiconductor device 101 and the bypass capacitor 15 
133 are connected electrically with each other by means 
of wire bonding via a wire 131 . Additionally, a distributed 
constant circuit element 121 and an active element 124 
are die-bonded onto the semiconductor device 101 . 
[0105] Thereafter, the high thermal conductivity sub- 20 
strate 103 with the semiconductor device 101 mounted 
thereon, the sheet member of Fig. 6D, and the low die- 
lectric loss substrate 117 with the filter elements 125, 
the wiring 113 and the via conductor formed thereon 
(therein) are aligned and overlaid with one another. 25 
[01 06] The low dielectric loss substrate 1 1 7 is formed 
with the above-described ceramic material and heat re- 
sistant resin, and a preferable thickness is in a range of 
0.1 mm to 1 mm. 

[0107] Thereafter, as shown in Fig. 6F, they are 30 
aligned and overlaid, and heat and pressure are applied 
thereto, for example, using hot pressing at a pressing 
temperature of 120°C and pressure of 9.8 x 10 5 Pa for 
5 minutes. Thereby, a sheet member in which the sem- 
iconductor device 101 is embedded is formed. Subse- 35 
quently, heat is applied thereto to cure the thermosetting 
resins contained in the sheet member and the conduc- 
tive resin composition. As a result, a sheet member 1 05 
in which the semiconductor device 101 is embedded 
and the voids 107 are formed at regions in the vicinity *o 
of the active element 124 and the distributed constant 
circuit element 121 formed with the wiring pattern on the 
semiconductor device and a region in the vicinity of a 
region where the filter element 1 25 is formed on the low 
dielectric loss substrate 117. The heat is applied at a 45 
temperature not less than a curing temperature of the 
thermosetting epoxy resin contained in the sheet mem- 
bers 150a to 150e and the conductive resin composition 
142 (e.g., 150°C to 260°C), thus rendering the sheet 
member into an insulating substrate 105 and the con- so 
ductive resin composition into the via conductor 111 . As 
a result of this procedure, the low dielectric loss sub- 
strate, the high thermal conductivity substrate 103 and 
the insulating substrate 105 are bonded mechanically 
and firmly. 55 
[01 08] Heat generated from the active element on the 
surface of the semiconductor device in the thus config- 
ured semiconductor built-in millimeter-wave band mod- 



ule is dissipated from the semiconductor device via the 
bonding agent for die-bonding and the high thermal con- 
ductivity substrate. By bonding the semiconductor de- 
vice to the high thermal conductivity substrate having a 
thermal conductivity higher than that of the insulating 
substrate, a heat dissipation path can be expanded into 
the planar surface direction, thus reducing the substan- 
tial heat resistance. Then, in this case, by bonding a heat 
sink to the high thermal conductivity substrate to which 
a rear face of the semiconductor device is die-bonded, 
the heat path can be shortened as compared with the 
configuration where the high thermal conductivity sub- 
strate is mounted on a mother board and the mother 
board and the heat sink are bonded to each other, thus 
decreasing the heat resistance, so that heat can be dis- 
sipated effectively. 

[0109] In addition, by integrating the heat sink with the 
casing in which the semiconductor built-in millimeter- 
wave band module is mounted, the component cost and 
the assembly cost can be reduced. 
[0110] Moreover, electrical wiring can be arranged 
freely, and the high frequency characteristics of the 
semiconductor device equivalent to those in a bare chip 
state can be obtained. In addition, although the filter el- 
ement is included therein, since the void is formed at a 
region in the vicinity of the filter element, the filter ele- 
ment is free from the influence by the resin composition 
constituting the insulating substrate for embedding the 
filter elements therein. Therefore, a filter element with 
low loss can be included therein, so that the semicon- 
ductor device can be connected therewith in the shortest 
distance, which can reduce a loss due to the connection. 

Embodiment 5 

[0111] Fig. 7 is a cross-sectional view schematically 
showing a configuration of a semiconductor built-in mil- 
limeter-wave band module according to Embodiment 5 
of the present invention. 

[0112] The following describes the semiconductor 
built-in millimeter-wave band module of this embodi- 
ment, with reference to Fig. 7. In Fig. 7, a semiconductor 
device 101 is packaged on a high thermal conductivity 
substrate 103 in a face-up manner and is connected 
electrically with a wiring pattern 119 formed on the high 
thermal conductivity substrate 1 03 and a bypass capac- 
itor 1 33 mounted on the wiring pattern 1 1 9 by means of 
wire bonding via a wire 131. 

[0113] On the semiconductor device 101 , a distribut- 
ed constant circuit element 121 is formed in addition to 
an active element 124. Additionally, on a low dielectric 
loss substrate 117, a wiring pattern and a filter element 
1 25 formed with a wiring pattern are formed. On the out- 
side of the low dielectric loss substrate 11 7, an external 
electrode 113 is formed to be connected with a conduc- 
tive via. 

[0114] The low dielectric loss substrate 117 and the 
high thermal conductivity substrate 103 are laminated 
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with an insulating substrate 1 05 made of a mixture con- 
taining an inorganic filler and a thermosetting resin in- 
serted therebetween. The wiring provided on the low di- 
electric loss substrate 117 and the wiring provided on 
the high thermal conductivity substrate 1 03 are connect- s 
ed electrically with each other through a via conductor 
1 1 1 provided in the insulating substrate 1 05. On an outer 
surface of the high thermal conductivity substrate 103, 
a heat sink 115 is mounted to dissipate heat via a ther- 
mal conductive adhesive 1 04. 10 
[0115] A void 107 is formed at regions in the vicinity 
of a distributed constant circuit element 1 21 formed with 
the wiring pattern and an active element 124 formed on 
the semiconductor device 101 or a region in the vicinity 
of the filter element 1 25. In one void, the distributed con- is 
stant circuit element 121 and the active element 124 
formed on the semiconductor device 101 and the filter 
element 125 provided on the low dielectric loss sub- 
strate 1 17 at a different layer are provided, and the void 
107 in which the distributed constant circuit element 20 
121 , the active element 124 and the filter element 125 
are provided is provided in the insulating substrate in 
which a single through hole is formed. That is to say, 
unlike the configuration shown in Fig. 5, the void in the 
vicinity of the distributed constant circuit element dou- 25 
bles as the void in the vicinity of the filter element. 
[0116] According to the thus configured semiconduc- 
tor built-in millimeter-wave band module, in the process 
of manufacturing the semiconductor built-in millimeter- 
wave band module according to this embodiment, when 30 
the sheet member described in the man ufacturing meth- 
od of Embodiment 4 is manufactured in which the first 
through hole for forming the void is formed and the sec- 
ond through hole is filled with the conductive resin com- 
position as shown in Fig. 6D f such a sheet member can 35 
be manufactured by forming the second through hole in 
one mixture 1 50, filling the second through hole with the 
conductive resin composition, and then forming the first 
through hole for forming the void, so that the semicon- 
ductor built-in millimeter-wave band module can be 40 
manufactured more easily so as to include the semicon- 
ductor and the filter element therein. 

Embodiment 6 

45 

[0117] Fig. 8 is a cross-sectional view schematically 
showing a configuration of a semiconductor built-in mil- 
limeter-wave band module according to Embodiment 6 
of the present invention. 

[0118] The following describes the semiconductor so 
built-in millimeter-wave band module of this embodi- 
ment, with reference to Fig. 8. In Fig. 8, a semiconductor 
device 101 is packaged on a high thermal conductivity 
substrate 103 in a face-up manner and is connected 
electrically with a wiring pattern 1 1 9 formed on the high ss 
thermal conductivity substrate 1 03 and a bypass capac- 
itor 1 33 mounted on the wiring pattern 1 1 9 by means of 
wire bonding via a wire 131 . 



[0119] On the semiconductor device 101 , in addition 
to active elements, distributed constant circuit elements 
121 formed with patterns such as a matching circuit us- 
ing a wiring for connecting the active elements and a 
stub, a coupled line, a filter and a stub for bypass, a ca- 
pacitor and an inductor are formed. Additionally, on a 
low dielectric loss substrate 11 7, a wiring pattern and a 
filter element 125 formed with a wiring pattern are 
formed. On the outside of the low dielectric loss sub- 
strate 117, an external electrode 113 is formed to be 
connected with a conductive via. The low dielectric loss 
substrate 117 and the high thermal conductivity sub- 
strate 103 are laminated with an insulating substrate 
1 05 made of a mixture containing an inorganic filler and 
a thermosetting resin inserted therebetween. The wiring 
provided on the low dielectric loss substrate 1 1 7 and the 
wiring provided on the high thermal conductivity sub- 
strate 103 are connected electrically with each other 
through a via conductor 111 provided in the insulating 
substrate 105. On an outer surface of the high thermal 
conductivity substrate 103, a heat sink 115 is mounted 
to dissipate heat via a thermal conductive adhesive 104. 
[0120] A void 107 is formed at regions in the vicinity 
of a distributed constant circuit element 121 formed with 
the wiring pattern and an active element 1 24 formed on 
the semiconductor device 101 or a region in the vicinity 
of the filter element 125 provided on the low dielectric 
loess substrate. The opening of the void 1 07 at a surface 
opposite the surface in the vicinity of the distributed con- 
stant circuit element 121, the active element 124 and 
the filter element 125 is closed with a shield conductor 
126. 

[0121] As the shield conductor 126, a metal can be 
used, and especially metal foil is preferable. In this em- 
bodiment, copper foil is used as the shield conductor 
[0122] Note here the above-described use of the 
shield conductor is not limited to this embodiment, and 
the shield conductor is applicable to the above-de- 
scribed and the following embodiments also. 
[0123] According to the thus formed semiconductor 
built-in millimeter-wave band module, the shield con- 
ductor can prevent the leakage of a signal between the 
semiconductor device and the filter element, in addition 
to the effects described in Embodiment 4. Also, the de- 
formation of the shape of the void due to the softening 
of the resin, which might occur in a void formation step 
during the manufacturing process of the semiconductor 
built-in millimeter-wave band module, can be reduced. 
In addition, by electrically connecting the shield conduc- 
tor with a grounding terminal, the characteristics of the 
filter element can be improved. For instance, the filter 
characteristics having steep damping characteristics 
can be obtained. 

Embodiment 7 

[0124] Fig. 9 is a cross-sectional view schematically 
showing a configuration of a semiconductor built-in mil- 



13 



25 



EP 1 351 301 A2 



26 



limeter-wave band module according to Embodiment 7 
of the present invention. 

[0125] The following describes the semiconductor 
built-in millimeter-wave band module of this embodi- 
ment, with reference to Fig. 9. In Fig. 9, a semiconductor s 
device 101 is packaged on a high thermal conductivity 
substrate 103 in a face-up manner and is connected 
electrically with a wiring pattern 1 1 9 f ormed on the high 
thermal conductivity substrate 1 03 and a bypass capac- 
itor 1 33 mounted on the wiring pattern 1 1 9 by means of to 
wire bonding via a wire 131 . 

[0126] On the semiconductor device 101, in addition 
to an active element 124, a distributed constant circuit 
element 121 is formed. Additionally, on a low dielectric 
loss substrate 1 1 7, a wiring pattern and a filter element ts 
125 formed with a wiring pattern are formed. The low 
dielectric loss substrate 117 and the high thermal con- 
ductivity substrate 1 03 are laminated with an insulating 
substrate 1 05 made of a mixture containing an inorganic 
filler and a thermosetting resin inserted therebetween. 20 
The wiring 113 provided on the low dielectric loss sub- 
strate 1 1 7 and the wiring 1 1 9 provided on the high ther- 
mal conductivity substrate 1 03 are connected electrical- 
ly with each other through a via conductor 111 provided 
in the insulating substrate 1 05 and a via conductor pro- 25 
vided in the low dielectric loss substrate 1 1 7. On an out- 
er surface of the high thermal conductivity substrate 
103, a heat sink 115 is mounted to dissipate heat via a 
thermal conductive adhesive 104. 
[0127] A void 107 is formed at regions in the vicinity 30 
of the distributed constant circuit element 121 formed 
with the wiring pattern and the active element 124 
formed on the semiconductor device 101 or a region in 
the vicinity of the filter element 1 25. On a side of the void 
1 07 that is opposed to the surface in the vicinity of the 35 
distributed constant circuit element 121 , the active ele- 
ment 124 and the filter element 125, a common shield 
conductor 1 26 is formed. The voids formed at a different 
layer contact with the same shield conductor 126 at a 
surface and a rear face thereof. In this way, the voids *o 
share the shield conductor with one another. 
[0128] According to the thus configured semiconduc- 
tor built-in millimeter-wave band module, the number of 
layers in the insulating substrate can be reduced when 
manufacturing the semiconductor buitt-in millimeter- 45 
wave band module in Embodiment 6, thus facilitating the 
manufacturing of the same. 

Embodiment 8 

50 

[01 29] Fig. 1 0 is a cross-sectional view schematically 
showing a configuration of a semiconductor built-in mil- 
limeter-wave band module according to Embodiment 8 
of the present invention. 

[0130] The following describes the semiconductor 55 
built-in millimeter-wave band module of this embodi- 
ment, with reference to Fig. 10. In Fig. 10, a semicon- 
ductor device 101 is packaged on a high thermal con- 



ductivity substrate 1 03 in a face-up manner and is con- 
nected electrically with a wiring pattern 119 formed on 
the high thermal conductivity substrate 103 and a by- 
pass capacitor 133 mounted on the wiring pattern 119 
by means of wire bonding via a wire 131 . 
[01 31 ] On the semiconductor device 1 01 , in addition 
to an active element 124, a distributed constant circuit 
element 121 is formed. Additionally, on a low dielectric 
loss substrate 117, a wiring pattern and a filter element 
125 formed with a wiring pattern are formed. Circuit 
components 123a and 123b electrically connected with 
the wiring pattern on the low dielectric loss substrate 1 1 7 
are arranged in an insulating substrate 1 05. 
[0132] The low dielectric loss substrate 117 and the 
high thermal conductivity substrate 103 are laminated 
with the insulating substrate 1 05 made of a mixture con- 
taining an inorganic filler and a thermosetting resin in- 
serted therebetween, The wiring 113 provided on the 
low dielectric loss substrate 1 17 and the wiring 119 pro- 
vided on the high thermal conductivity substrate 1 03 are 
connected electrically with each other through a via con- 
ductor 111 provided in the insulating substrate 105 and 
a via conductor provided in the low dielectric loss sub- 
strate 1 1 7. On an outer surface of the high thermal con- 
ductivity substrate 103, a heat sink 115 is mounted to 
dissipate heat via a thermal conductive adhesive 104. 
[0133] A void 107 is formed at regions in the vicinity 
of the distributed constant circuit element 121 formed 
with the wiring pattern and the active element 124 
formed on the semiconductor device 101 or a region in 
the vicinity of the filter element 125 provided on the low 
dielectric constant. 

[0134] On the other hand, the circuit components 
123a and 123b mounted on the low dielectric loss sub- 
strate 117 contact with the insulating substrate 105 to 
be embedded therein. 

[0135] The circuit components, for example, include 
an active component 123a and a passive component 
123b. As the active component 123a, for example, a 
semiconductor device such as a transistor, an IC and 
an LSI can be used. The semiconductor device may be 
a semiconductor bare chip. As the passive component 
123b, a chip resistor, a chip capacitor or a chip inductor 
can be used. The circuit components 123 may not in- 
clude the passive component 123b. 
[0136] The active component 123a can be connected 
to the wiring pattern by well-known flip chip bonding. The 
via conductor 111 is formed of, for example, a thermo- 
setting conductive substance. For example, a conduc- 
tive resin composition containing metal particles and a 
thermosetting resin can be used for the thermosetting 
conductive substance. Examples of the metal particles 
include gold, silver, copper and nickel. Gold, silver, cop- 
per and nickel are preferable because of their high con- 
ductivity. Among them, copper is most preferable be- 
cause of its especially high conductivity and small mi- 
gration. As for the thermosetting resin, for example, an 
epoxy resin, a phenol resin or a cyanate resin can be 
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used. An epoxy resin is most preferable because of its 
high heat resistance. 

[0137] A sealing resin may be injected between the 
circuit component mounted on the low dielectric loss 
substrate 117 and the low dielectric loss substrate 117. 
Also in the following embodiments, a sealing resin may 
be injected between a circuit component and a copper 
foil or a circuit component and a wiring pattern. An un- 
derfill resin, which is used for general flip chip bonding, 
can be used for the sealing resin. 
[0138] According to the thus configured semiconduc- 
tor built-in millimeter-wave band module, since further 
circuit components are included therein, the connecting 
distance between the semiconductor device and the cir- 
cuit component can be made much shorter. Thereby, a 
semiconductor built-in millimeter-wave band module 
with excellent high-frequency characteristics such as a 
reduced noise in the electric signal can be obtained. In 
addition, since the circuit components whose properties 
are guaranteed beforehand are included therein, a mod- 
ule with a high yield during the manufacturing process 
and with a high reliability can be realized. 
[0139] Note here that although this embodiment de- 
scribes one example where further circuit components 
are included in the insulating substrate, such a configu- 
ration is applicable to the other embodiments. 

Embodiment 9 

[01 40] This embodiment describes one example of a 
semiconductor built-in millimeter-wave band module 
having a multilayered structure according to the present 
invention. 

[0141] Fig. 11 is a cross-sectional view of the semi- 
conductor built-in millimeter-wave band module of Em- 
bodiment 9. 

[0142] The semiconductor built-in millimeter-wave 
band module according to this embodiment includes: a 
high thermal conductivity substrate 1 03; a semiconduc- 
tor device 1 01 packaged on the high thermal conductiv- 
ity substrate 103 in a face-up manner; and a plurality of 
low dielectric loss substrates (a first and a second low 
dielectric loss substrates 117a and 117b) 117. A circuit 
component 123 is mounted on the low dielectric loss 
substrate 117a, and circuit components 123a and 123b 
are mounted on the low dielectric loss substrate 117b. 
A first and a second insulating substrate 1 05a and 1 05b 
are laminated among the high thermal conductivity sub- 
strate 103 and the plurality of low dielectric loss sub- 
strates 117a and 117b. A distributed constant circuit el- 
ement 1 21 is mounted on the semiconductor device 1 01 
on the high thermal conductivity substrate 103 and in 
the first insulating substrate 1 05a, and an active element 

124 is mounted on the high thermal conductivity sub- 
strate 103. A void 107 is provided on an outer surface 
of each of the distributed constant circuit element 121 
and the active element 1 24. Similarly, a filter element 

125 is formed on the low dielectric loss substrate 117a 



and a void 1 07 is formed on an outer surface of the filter 
element 125. The circuit component 123b is mounted 
on the low dielectric loss substrate 117b and a void 107 
is formed on an outer surface of the circuit component 
5 123b. 

[0143] The insulating substrates 105a and 105b are 
made of a mixture containing an inorganic filler and a 
thermosetting resin. As the inorganic filler, for example, 
Al 2 0 3 , BeO, BN, SiC, AIN and Si0 2 can be used. It is 
w preferable that the inorganic filler is contained in a range 
of 70 weight 0 /© to 95 weight%, inclusive, with reference 
to the mixture. It is preferable that an average particle 
diameter of the inorganic filler is in a range of 0.1 urn to 
1 00 urn, inclusive. As the thermosetting resin, for exam- 
's pie, an epoxy resin, a phenol resin and a cyanate resin 
with high heat resistance are preferable. The epoxy res- 
in is much preferable because of especially high heat 
resistance. The mixture further may contain a dispersing 
agent, a coloring agent, a coupling agent or a releasing 
20 agent. 

[0144] The circuit components 123, for example, in- 
clude an active component 123a and a passive compo- 
nent 1 23b. As the active component 1 23a, for example, 
a semiconductor device such as a transistor, an IC and 

25 an LSI can be used. The semiconductor device may be 
a semiconductor bare chip. As the passive component 
123b, a chip resistor, a chip capacitor or a chip inductor 
can be used. The circuit components 123 may not in- 
clude the passive component 123b. 

30 [0145] The active component 123a is connected to 
the low dielectric loss substrate 117 by, for example, flip 
chip bonding. The semiconductor built-in millimeter- 
wave band module shown in Fig. 11 has a three layered 
structure, but can have a multilayered structure depend- 

35 ing on the design. 

[0146] In this embodiment, the circuit component 
should be embedded in at least the second insulating 
substrate, and circuit components may be embedded 
further in the first insulating substrate. 

40 [0147] According to the thus configured semiconduc- 
tor built-in millimeter-wave band module, heat from the 
semiconductor device can be dissipated effectively, 
properties equivalent to those in a bare chip state can 
be obtained, the semiconductor device can be connect- 

45 ed to the filter with low loss using the short wiring, ex- 
cellent high frequency characteristics are realized and 
a high yield during the manufacturing process and high 
reliability can be realized. In addition to these, the length 
of the wiring between the circuit components mounted 

so on the plurality of low dielectric loss substrates and the 
semiconductor device or the filter element can be made 
significantly shorter as compared with the case where 
the low dielectric loss substrates are not laminated into 
a multilayer structure but arranged two- dimensionally. 

55 Therefore, a loss in the signal due to the wiring can be 
reduced, and a mounting area of the module with the 
same function can be reduced and miniaturized so that 
circuit components can be packaged densely. 



15 



29 



EP 1 351 301 A2 



30 



Embodiment 10 

[0148] This embodiment describes another example 
of a semiconductor built-in millimeter-wave band mod- 
ule having a multilayered structure according to the s 
present invention. 

[0149] Fig, 12 is a cross-sectional view of the semi- 
conductor built-in millimeter-wave band module of Em- 
bodiment 10, and Fig. 13 schematically shows a circuit 
configuration of the same. io 
[0150] A semiconductor device 1 01 is packaged on a 
high thermal conductivity substrate 103 in a face-up 
manner and is connected electrically with a wiring pat- 
tern 119 formed on the high thermal conductivity sub- 
strate 1 03 and a bypass capacitor 1 33 mounted on the *5 
wiring pattern 119 by means of wire bonding via a wire 
131. 

[0151] On the semiconductor device 101, in addition 
to active element 124, a distributed constant circuit ele- 
ment 121 is formed. 20 
[0152] Additionally, on a low dielectric loss substrate 
1 1 7, a wiring pattern and a filter element 1 25 formed with 
a wiring pattern are formed. The low dielectric loss sub- 
strate 117 and the high thermal conductivity substrate 
103 are laminated with an insulating substrate 105 25 
made of a mixture containing an inorganic filler and a 
thermosetting resin inserted therebetween. The wiring 
provided on the low dielectric loss substrate 1 1 7 and the 
wiring provided on the high thermal conductivity sub- 
strate 103 are connected electrically with each other 30 
through a via conductor 111 provided in the insulating 
substrate 105. 

[0153] A void 107 is formed at regions in the vicinity 
of the distributed constant circuit element 121 formed 
with the wiring pattern and the active element 124 35 
formed on the semiconductor device 101 or a region in 
the vicinity of the filter element 1 25 provided on the low 
dielectric constant. On an outer surface of the high ther- 
mal conductivity substrate 1 03, a heat sin k 1 1 5 is mount- 
ed to dissipate heat via a thermal conductive adhesive *o 
104. 

[0154] A high frequency signal output terminal 127 
and an external signal input terminal 1 28 each are a part 
of the wiring pattern, and are provided on a surface of 
the low dielectric loss substrate 117. These high fre- *5 
quency signal output terminal 127 and external signal 
input terminal 1 28 may be provided on the high thermal 
conductivity substrate 103. 

[0155] The external signal input terminal 128 is con- 
nected electrically with an input terminal 1 25a of a filter so 
element 125 through the wiring pattern, a via conductor 
and the like, and an output terminal 125b of the filter 
element 125 is connected electrically with an input ter- 
minal 101a of the semiconductor device 101. Then, an 
output terminal 1 01 b of the semiconductor device 1 01 55 
is connected electrically with the high frequency signal 
output terminal 127. These electric connection relation- 
ship are illustrated in Fig. 13. As illustrated in Fig. 13, 



the elements are designed to be connected electrically 
with one another in the semiconductor millimeter-wave 
band module so as to perform as one module. 
[0156] In the thus configured semiconductor built-in 
millimeter-wave band module, in the case of the semi- 
conductor device being a power amplifier for high out- 
put, a transmission module can be obtained so that the 
semiconductor built-in millimeter-wave band module re- 
alizes one integral transmission function, whereby the 
number of components constituting a communication in- 
strument handling millimeter-wave band signals can be 
reduced. 

[0157] In the case of the semiconductor device being 
a low-noise amplifier, a receiving module can be ob- 
tained similarly. In addition, according to the semicon- 
ductor built-in millimeter-wave band module using a plu- 
rality of semiconductor devices, a millimeter-wave band 
front end module with an integrated transmission/recep- 
tion function can be obtained. 
[0158] For instance, as shown in the schematic view 
of Fig. 1 6 showing one example of another circuit con- 
figuration of the semiconductor built-in millimeter-wave 
band module, a grounding terminal for external connec- 
tion 160 is connected electrically with a grounding ter- 
minal for filter element 160a of a filter element 125 via 
a wiring pattern and a via conductor and is further con- 
nected electrically with the grounding terminal for filter 
terminal 1 60a and a grounding terminal for semiconduc- 
tor device 1 60b via the via conductor 111b and the wiring 
pattern and the like. As the filter element, for example, 
a microstrip bandpass filter using a coupled line can be 
used. In this case, wiring constituting a filter is formed 
on a low dielectric loss substrate, and an electrode on 
the opposite rear face of the low dielectric loss substrate 
serves as a grounding layer for the filter element and a 
portion of the grounding layer becomes a grounding ter- 
minal for filter element. The grounding terminal for filter 
element is connected with the grounding terminal for 
semiconductor device via a through hole provided in the 
low dielectric loss substrate, a via conductor provided 
in the insulating substrate and the wiring pattern on the 
high thermal conductivity substrate. 
[01 59] In this way, by connecting the grounding termi- 
nal for filter element 160a and the grounding terminal 
for semiconductor device 160b are connected in the 
shortest distance using the plurality of via conductors 
111b provided in the insulating substrate 105, the 
grounding terminals of the filter element 125 and the 
semiconductor device 101 can function as the ground- 
ing terminal with stability even at high frequencies, thus 
realizing a stable operation. 

[0160] Note here that each substrate of the above-de- 
scribed embodiments is not limited to a single layer sub- 
strate, and may be a multilayered wiring substrate. 

Embodiment 11 

[0161 ] This embodiment describes one example of an 
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assembled member of a semiconductor built-in millim- 
eter-wave band module according to the present inven- 
tion. 

[0162] Fig. 1 7 is a cross-sectional view schematically 
showing a configuration of the assembled member of 
the semiconductor built-in millimeter-waveband module 
of this embodiment. 

[01 63J In the assembled member of the semiconduc- 
tor built-in millimeter-wave band module of this embod- 
iment, the external electrodes 1 1 3 of the semiconductor 
built-in millimeter-wave band module described in Em- 
bodiment 1 are connected with a mother board terminal 
1 61 using lead/tin base solder and the like. Among the 
external electrodes 113, a grounding electrode is con- 
nected with a mother board grounding terminal 1 62. As 
the mother board, a printed circuit board made of a flu- 
orine resin can be used. The mother board grounding 
terminal 162 is connected electrically with a side of the 
mother board 1 60 opposite to the side with the semicon- 
ductor built-in millimeter-wave band module 100 being 
mounted thereon using a through hole 165. In addition, 
the mother board grounding terminal 162 is connected 
electrically with a lowercasing 171 using a conductive 
adhesive 1 04a. The lower casing 1 71 is made of a metal 
such as aluminum-pressure die-casting, and doubles as 
a heat sink. The lower casing 1 71 is integrally fixed with 
an upper casing 172 and a side casing 173 by screws 
or the like, and has the same potential as of those cas- 
ings. The upper casing 172 further is connected electri- 
cally with the high thermal conductivity substrate 1 03 on 
a rear face of which a grounding layer is formed, using 
an adhesive layer 1 04. The adhesive layer 1 04 may be 
made of the same material as of the conductive adhe- 
sive 104a. As the conductive adhesive 104 and 104a, 
for example, "DOHDENT (trade name) produced by Ni- 
hon Handa Co., Ltd, having an electric conductivity of 1 
x 10' 4 Qcm, can be used. In Fig. 17, elements with the 
same reference numerals as in the above embodiments 
have the same components, and therefore their expla- 
nation will be omitted. 

[0164] According to this assembled member of the 
semiconductor built-in millimeter-wave band module, 
the heat sink and the casing can be integrated, so that 
the number of components can be reduced. At the same 
time, the commonality of the grounding electrode of the 
semiconductor built-in millimeter-wave band module 
and the grounding electrode of the motherboard can be 
provided, whereby the commonality of their grounding 
potentials can be provided with stability. As a result, the 
built-in semiconductor device can be operated with sta- 
bility. 

[0165] One example of a method for manufacturing 
the semiconductor built-in millimeter-wave band module 
according to the present invention will be described be- 
low. The external electrode 113 of the semiconductor 
built-in millimeter-wave band module is mounted on the 
mother board by printing a cream solder on the mother 
board terminal 161 , followed by reflowing. Subsequent- 



ly, the conductive adhesive is applied at a predeter- 
mined position of the lower casing using a dispenser, 
and the mother board is mounted thereon, where the 
semiconductor built-in millimeter-wave band module 
s has been mounted on the mother board. Thereafter, the 
adhesive layer is applied at a predetermined position of 
the upper casing by a dispenser, and the lower casing 
and the upper casing are secured to the side casings by 
screws. In this step, simultaneously, the upper casing is 
10 bonded to the high thermal conductivity substrate via the 
adhesion layer. As the adhesion layer, a film form ther- 
moplastic sheet having compressibility can be used, for 
example including a thermoplastic elastic polymer ex- 
hibiting elasticity like a rubber at about a room temper- 
15 ature, In order to enhance the thermal conductivity, an 
electric conductive and thermal conductive filler is dis- 
persed in the sheet. As the filler, silver, carbon black, 
graphite and the like can be used. In the case of using 
silver as the filler, a specific gravity of the thermoplastic 
elastic polymer become about 3 to 4, and the volume 
resistivity becomes about 1 0 -3 fi-cm or less. In this case, 
before the upper casing and the lower casing are se- 
cured, the total of the thicknesses of the semiconductor 
built-in millimeter-wave band mounted on the mother 
board, including the thickness of the mother board, the 
conductive adhesion layer and the thermoplastic sheet 
adhesion layer, is made thicker than the thickness of the 
side casing. Then, by using a sheet exhibiting com- 
pressibility as the adhesive layer when the upper casing 
the lower casing are secured to the side casing, the filler 
in the film of the adhesion layer is compressed, so that 
the filling density of the filler increases, thus increasing 
the electric conductivity as compared with the state be- 
fore the compression and at the same time increasing 
the thermal conductivity. 

[0166] The following describes a circuit configuration 
in the case where the assembled member comprising 
the semiconductor built-in millimeter-wave band module 
including the filter element formed with the wiri ng pattern 
on the low dielectric loss substrate therein, which is 
mounted on the mother board, and the casing are con- 
nected electrically with each other, with reference to Fig. 
18. 

[0167] A high frequency signal output terminal 127 
and an external signal input terminal 1 28 each are a part 
of the wiring pattern, and are provided on the low die- 
lectric loss substrate 117. The external signal input ter- 
minal 128 is connected electrically with an input terminal 
125a of a filter element 125 via a wiring pattern, a via 
conductor and the like. In addition, an output terminal 
1 25b of the filter element 1 25 and an input terminal 101a 
of the semiconductor device 1 01 are connected electri- 
cally with each other via a via conductor provided in an 
insulating substrate and a wiring pattern. An output ter- 
minal 101b of the semiconductor device 101 is connect- 
ed electrically with the high frequency signal output ter- 
minal 127. 

[01 68] On the other hand, a grounding terminal for ex- 
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ternal connection 160 is connected electrically with a 
grounding terminal for filter element 160a via a wiring 
pattern and a via conductor, and further is connected 
electrically with the grounding terminal for filter terminal 
1 60a and a rounding terminal for semiconductor device 5 
160b via a via conductor 111b, the wiring pattern and 
the like. As the filter element, for example, a microstrip 
bandpass filter using a ring resonator formed by provid- 
ing a grounding layer on a rear face of the low dielectric 
loss substrate and forming a ring-shaped wiring pattern to 
on the other surface can be used. In this case, wiring 
constituting a filter is formed on a low dielectric loss sub- 
strate, and an electrode on the opposite rear face of the 
low dielectric loss substrate serves as a grounding layer 
for the filter element and a portion of the grounding layer 15 
becomes a grounding terminal for filter element. The 
grounding terminal for filter element is connected elec- 
trically with the wiring pattern for the grounding provided 
on the h igh thermal conductivity substrate via the casing 
made of metal such as aluminum-pressure die-casting, 20 
and further is connected with the grounding terminal for 
semiconductor device. 

[0169] Inthisway, by connecting the grounding termi- 
nal for filter element 160a and the grounding terminal 
for semiconductor device 160b via the casing, the 25 
grounding potential can be stabilized, so that the module 
can operate with stability. 

Claims 30 

1. A semiconductor built-in millimeter-wave band 
module comprising: 

an electrical insulating substrate that is made 35 
of a mixture containing an inorganic filler and a 
thermosetting resin; 

a high thermal conductivity substrate that is 
made of a dielectric material having thermal 
conductivity higher than thermal conductivity of *o 
the electrical insulating substrate and is lami- 
nated on one surface of the electrical insulating 
substrate; 

a plurality of wiring patterns that is formed on 
the high thermal conductivity substrate and the *5 
electrical insulating substrate; 
a semiconductor device operating at millimeter- 
wave band, which is arranged inside of the 
electrical insulating substrate, is packaged on 
the high thermal conductivity substrate in a so 
face-up manner, and is connected electrically 
with the wiring patterns; and 
a distributed constant circuit element and an 
active element that are provided on the semi- 
conductor device, 55 

wherein a void is provided inside of the elec- 
trical insulating substrate and in the vicinity of a sur- 



face of the distributed constant circuit element and 
a surface of the active element. 

2. The semiconductor built-in millimeter-wave band 
module according to claim 1 , wherein a second high 
thermal conductivity substrate further is laminated 
on the other surface of the electrical insulating sub- 
strate. 

3. The semiconductor built-in millimeter-wave band 
module according to claim 2, wherein the void ex- 
tends to the second high thermal conductivity sub- 
strate. 

4. The semiconductor built-in millimeter-wave band 
module according to claim 1 , wherein a shield elec- 
trode further is provided to close the void, at a sur- 
face opposed to the distributed constant circuit el- 
ement. 

5. The semiconductor built-in millimeter-wave band 
module according to claim 4, wherein the shield 
electrode is shared by a plurality of voids. 

6. The semiconductor built-in millimeter-wave band 
module according to claim 1 , further comprising a 
circuit component that is arranged inside of the 
electrical insulating substrate and is connected 
electrically with the wiring patterns. 

7. The semiconductor built-in millimeter-wave band 
module according to claim 6, wherein the circuit 
component is isolated from outside air by the elec- 
trical insulating substrate. 

8. The semiconductor built-in millimeter-wave band 
module according to claim 1 , wherein the inorganic 
filler contained in the mixture constituting the elec- 
trical insulating substrate comprises at least one in- 
organic filler selected from Al 2 0 3 , BeO, BN, SiC, 
AIN and Si0 2 . 

9. The semiconductor built-in millimeter-wave band 
module according to claim 1 , wherein the high ther- 
mal conductivity substrate comprises at least one 
type of ceramic selected from AlgOg, BeO, BN, SiC, 
AIN and SiC. 

10. The semiconductor built-in millimeter-wave band 
module according to claim 1 , wherein the semicon- 
ductor device comprises at least one semiconduc- 
tor selected from a substance comprising Si, GaAs, 
SiGe, InPandSiC. 

11. The semiconductor built-in millimeter-wave band 
module according to claim 1 , further comprising a 
low dielectric loss substrate on the other surface of 
the electrical insulating substrate, the low dielectric 
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loss substrate being made of a material with dielec- 
tric loss lower than dielectric loss of the electrical 
insulating substrate. 

12. The semiconductor built-in millimeter-wave band $ 
module according to claim 1 1 , wherein a plurality of 
wiring patterns is formed on the low dielectric loss 
substrate. 

13. The semiconductor built-in millimeter-wave band to 
module according to claim 11 , 

wherein a filter element is provided on the low 
dielectric loss substrate and inside of the electrical 
insulating substrate, and 

a void is provided in the vicinity of a surface *s 
of the filter element. 

14. The semiconductor built-in millimeter-wave band 
module according to claim 13, wherein the filter el- 
ement provided on the low dielectric loss substrate 20 
and the distributed constant circuit element and the 
active element provided on the semiconductor de- 
vice are provided in a same void. 

15. The semiconductor built-in millimeter- wave band 25 
module according to claim 13, further comprising a 
high frequency signal output terminal and an exter- 
nal signal input terminal on the high thermal con- 
ductivity substrate or the low dielectric loss sub- 
strate, 30 

wherein the external signal input terminal is 
connected electrically with an input terminal of the 
filter element, 

an output terminal of the filter element is con- 
nected electrically with an input terminal of thesem- 35 
iconductor device, and 

an output terminal of the semiconductor de- 
vice is connected electrically with the high frequen- 
cy signal output terminal. 

40 

16. The semiconductor built-in millimeter-wave band 
module according to claim 11 , wherein the low die- 
lectric loss substrate comprises at least one type of 
ceramic selected from Al 2 0 3 , BeO, BN, SiC, AIN 
and SiC. 45 

17. The semiconductor built-in millimeter-wave band 
module according to claim 11 , wherein the low die- 
lectric loss substrate is a heat resistant resin with a 
heat distortion temperature not less than 1 80°C. 50 

18. The semiconductor built-in millimeter-wave band 
module according to claim 1 7, wherein the heat re- 
sistant resin is at least one type of resin selected 
from a fluorine resin, a polyimide (PI) resin, an ara- 55 
mid resin including a meta group and a para group, 

a polyester resin, a polyamide-imide resin, a poly- 
ester-imide resin, a polyether ketone (PEK) resin, a 



polyether ether ketone (PEEK) resin, a polysulfone 
(PS) resin, a bismaleimide-triazine resin, a polyphe- 
nylene ether (PPE) resin, a polyphenylene sulfide 
(PPS) resin, a polybenzimidazole resin, a liquid 
crystal polymer and polybenzo-cyclobutene, 

i. The semiconductor built-in millimeter-wave band 
module according to claim 1 , wherein the electrical 
insulating substrate comprises a first and second 
electrical insulating substrates, the semiconductor 
built-in millimeter-wave band module further com- 
prising: 

a high thermal conductivity substrate that is 
made of a dielectric material having thermal 
conductivity higher than thermal conductivity of 
the first electrical insulating substrate and that 
is laminated on one surface of the first electrical 
insulating substrate; 

a first and a second low dielectric loss substrate 
that are made of a material with dielectric loss 
lower than dielectric loss of the first electrical 
insulating substrate; 

a plurality of wiring patterns that is formed on 
the high thermal conductivity substrate, the first 
and the second electrical insulating substrates 
and the first and the second low dielectric loss 
substrates; 

a semiconductor device operating at millimeter- 
wave band, which is arranged inside of the first 
electrical insulating substrate, is packaged on 
the high thermal conductivity substrate in a 
face-up manner, and is connected electrically 
with the wiring patterns; 
a distributed constant circuit element and an 
active element that are provided on the semi- 
conductor device, 

a void that is provided inside of the first electri- 
cal insulating substrate and in the vicinity of a 
surface of the distributed constant circuit ele- 
ment and a surface of the active element on the 
semiconductor device; and 
a circuit component that is arranged inside of 
the second electrical insulating substrate and 
is connected electrically with the wiring pattern 
on the second low dielectric loss substrate, 

wherein the first low dielectric loss substrate 
is laminated on the other side of the first electrical 
insulating substrate, and 

the second electrical insulating substrate is 
laminated between the first low dielectric loss sub- 
strate and the second low dielectric loss substrate. 

. The semiconductor built-in millimeter-wave band 
module according to claim 1 , further comprising a 
heat sink having a heat dissipation function on an 
outside of the high thermal conductivity substrate. 
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21. The semiconductor built-in millimeter-wave band 
module according to claim 1 , wherein the high ther- 
mal conductivity substrate is arranged in a casing, 
and the high thermal conductivity substrate and the 
casing are bonded using a thermal conductive res- 5 
in, the semiconductor built-in millimeter-wave band 
module further comprising: a semiconductor device 
operating at millimeter-wave band, a rear face of the 
semiconductor device being mounted on a surface 
opposed to the bonding surface; and a mother w 
board to which a grounding terminal of the semicon- 
ductor device is connected, wherein a grounding 
terminal of the mother board is connected electri- 
cally with the casing. 

15 

22. The semiconductor built-in millimeter-wave band 
module according to claim 21 , wherein the thermal 
conductive resin has compressibility. 

23. The semiconductor built-in millimeter-wave band 20 
module according to claim 21 , 

wherein, in the casing, a low dielectric loss 
substrate further is provided and on the low dielec- 
tric loss substrate a filter element further is provid- 
ed, the semiconductor device being mounted on the 25 
high thermal conductivity substrate, 

a high frequency signal output terminal, an ex- 
ternal signal input terminal and a grounding terminal 
for external connection are provided on the high 
thermal conductivity substrate or the low dielectric 30 
loss substrate, 

the external signal input terminal and an input 
terminal of the filter element is connected electrical- 
ly with each other, 

an output terminal of the filter element and an 35 
input terminal of the semiconductor device are con- 
nected electrically with each other via a first via con- 
ductor, 

an output terminal of the semiconductor de- 
vice and the high frequency signal output terminal *o 
are connected electrically with each other via a sec- 
ond via conductor, 

the grounding terminal for external connec- 
tion and a filter element grounding terminal of the 
filter element are connected electrically with each 
other, and 

a semiconductor device grounding terminal of 
the semiconductor device, the filter element 
grounding terminal and the grounding terminal for 
external connection are connected electrically with so 
one another via the casing. 
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